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ABSTRACT

Background: Patients with acute neurologic symptoms may have other causes simulating isch-
emic stroke, called stroke mimics (SM), but they may also have averted strokes that do not appear
as infarcts on neuroimaging, which we call neuroimaging-negative cerebral ischemia (NNCI). We
determined the safety and outcome of IV thrombolysis within 3 hours of symptom onset in pa-
tients with SM and NNCI.

Methods: Patients treated with IV tissue plasminogen activator (tPA) within 3 hours of symptom
onset were identified from our stroke registry from June 2004 to October 2008. We collected
admission NIH Stroke Scale (NIHSS) score, modified Rankin score (mRS), length of stay (LOS),
symptomatic intracerebral hemorrhage (sICH), and discharge diagnosis.

Results: Among 512 treated patients, 21% were found not to have an infarct on follow-up imag-
ing. In the SM group (14%), average age was 55 years, median admission NIHSS was 7, median
discharge NIHSS was 0, median LOS was 3 days, and there were no instances of sICH. The most
common etiologies were seizure, complicated migraine, and conversion disorder. In the NNCI
group (7%), average age was 61 years, median admission NIHSS was 7, median discharge NIHSS
was 0, median LOS was 3 days, and there were no instances of sICH. Nearly all SM (87%) and
NNCI (91%) patients were functionally independent on discharge (mRS 0–1).

Conclusions: Our data support the safety of administering IV tissue plasminogen activator to patients
with suspected acute cerebral ischemia within 3 hours of symptom onset, even when the diagnosis
ultimately is found not to be stroke or imaging does not show an infarct. Neurology® 2010;74:1340 –

1345

GLOSSARY
AIS � acute ischemic stroke; CI � confidence interval; DWI � diffusion-weighted imaging; ED � emergency department;
LOS � length of stay; mRS � modified Rankin score; NIHSS � NIH Stroke Scale; NNCI � neuroimaging-negative cerebral
ischemia; OR � odds ratio; sICH � symptomatic intracerebral hemorrhage; SM � stroke mimics; tPA � tissue plasminogen
activator.

Although there is worldwide consensus among disease experts and independent regulators
regarding the utility of IV tissue plasminogen activator (tPA) for acute ischemic stroke (AIS),
there is concern about administering IV tPA to patients who present with clinical features
suggestive of AIS but have an alternative diagnosis.1 AIS causes neurologic deficits that com-
monly occur in other disorders2 for which tPA has no benefit and may carry an increased risk
for hemorrhage. When patients present to the emergency department (ED) with acute neuro-
logic deficits, time is important to make a rapid evaluation if IV tPA is being considered.3 The
short time window of 3 hours from symptom onset to administer tPA (per Food and Drug
Administration label) may not allow physicians to make a correct diagnosis. A quick history
and neurologic examination, often with the NIH Stroke Scale (NIHSS), along with a CT scan
to rule out hemorrhage, comprise the main components of the evaluation. Such an approach
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may miss several other disorders that mimic
stroke or cannot reliably differentiate condi-
tions that masquerade as stroke, such as sei-
zure, complicated migraine, or functional
deficits. Does specificity matter in patients
presenting with suspected stroke once a brain
hemorrhage has been ruled out? Many would
argue that it is wrong to give a treatment that
is potentially dangerous to patients who do
not have the target disease.4 Vascular imaging
with CT angiography, magnetic resonance
angiography, or transcranial Doppler ultra-
sound can visualize large artery occlusions and
diffusion-weighted imaging (DWI) is highly
sensitive to detect ischemic stroke, but these
modalities are not universally available at pri-
mary and community hospitals.

In the absence of additional imaging, it is
estimated from studies that 3%–7% of pa-
tients treated with IV tPA for assumed acute
cerebral ischemia have a stroke mimic
(SM).5,6 However, these studies collectively
reported 13 patients with SMs who were
treated with tPA. No large study has ad-
dressed the question of safety of thrombolysis
in patients with SMs or in patients who did
not have an infarct on MRI and were not
found to have another diagnosis aside from
stroke (i.e., averted stroke). Herein, we report
a retrospective study of over 100 patients who
presented to our ED with symptoms concern-
ing for acute cerebral ischemia but who ulti-
mately were found to have an SM or who had
no supporting evidence for stroke on subse-
quent imaging and were discharged with an
averted stroke, which we call neuroimaging-
negative cerebral ischemia.

METHODS IV tPA protocol. The UT Stroke Program
follows established guidelines to administer IV tPA to sus-
pected acute stroke patients.7 All patients who present to our
ED with suspected acute cerebral ischemia are evaluated by a
member of our stroke team. All patients undergo a rapid neu-
rologic evaluation with the NIHSS and a cranial CT scan to
rule out hemorrhage. Patients who, in the judgment of the
treating physician, may have acute cerebral ischemia within 3
hours of symptom onset, even when other diagnoses are being
considered, are treated with IV tPA as soon as possible after
presentation to the ED. Our protocol follows from the Na-
tional Institute of Neurological Disorders and Stroke trial,7 in
which eligibility is based on whether the patient has measur-
able deficits on the NIHSS scale. Any patient with a disabling
deficit including mild hemiparesis, hemianopsia, or aphasia is
considered for IV tPA. All treated patients are monitored ei-

ther in our stroke unit with continuous cardiac monitoring or
the neurointensive care unit for at least 24 hours after initia-
tion of thrombolysis. An MRI or CT scan is routinely ob-
tained within 24 hours after treatment.

Study design. We conducted a retrospective study of patients
derived from our prospective stroke registry. We determined the
safety and outcome of IV thrombolysis within 3 hours of symp-
tom onset in patients who presented to our ED and were found,
during hospitalization, not to have an ischemic stroke. Patients
treated with full-dose, 0.9 mg/kg, IV tPA within 3 hours of
symptom onset were identified from June 2004 to October
2008. We collected NIHSS on admission and discharge, dis-
charge modified Rankin Scale (mRS) score, length of stay
(LOS), past medical history, and symptomatic intracerebral
hemorrhage (sICH), as defined in the National Institute of Neu-
rological Disorders and Stroke trial,7 and discharge diagnosis.
Initial and follow-up neuroimaging with CT and/or MRI were
performed as a part of our routine stroke evaluation. All patients
who met inclusion for this study had undergone neuroimaging
initially with CT upon presentation, multimodal MRI (DWI,
magnetic resonance angiography, fluid-attenuated inversion re-
covery, and gradient echo imaging) within 24 hours of presenta-
tion, and then CT or multimodal imaging before hospital
discharge. Diagnosis of SM was based on the absence of acute
ischemia/infarct on pre and post IV tPA treatment neuroimaging
(�24 hours from the time of onset) and follow-up neuroimaging
(�24 hours from the time of onset) in addition to an alternate
discharge diagnosis. Diagnosis of neuroimaging-negative cere-
bral ischemia (NNCI) was based on presentation of acute cere-
bral ischemia in the ED, the absence of acute ischemia/infarct on
pre and post IV tPA treatment neuroimaging (�24 hours from
the time of onset), and follow-up posttreatment neuroimaging
(�24 hours from the time of onset).

Standard protocol approvals, registrations, and patient
consents. This project was approved by the University of Texas–
Houston Health Science Center Institutional Review Board.

Statistics. Statistical analyses were performed using SPSS 15.0
(SPSS Inc, Chicago, IL). Continuous variables were reported as
mean � SD when the distribution was normal and median with
range for non-normal distributions. Categorical variables were
analyzed using �2, Fisher exact test, or analysis of variance where
appropriate.

RESULTS Over the study period, we treated 512
suspected stroke patients with full dose IV tPA (0.9
mg/kg). A total of 106 (21%) were not found to have
an infarct on posttreatment DWI obtained within 1
day of hospitalization and subsequent posttreatment
CT or MRI performed 24 hours after admission.
Among the 106 patients, 69 had an SM (14% of the
512 patients) and 37 (7% of the 512 patients) had
NNCI. Twelve patients were excluded from analysis
because they did not undergo follow-up posttreat-
ment neuroimaging. Follow-up MRI after 24 hours
was done in 64% of patients, follow-up CT was done
in 79%, and both a follow-up MRI and CT was
done in 44% of patients.

Demographics of SM and NNCI patients. Demo-
graphics of SM and NNCI patients are detailed in
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the table. In the SM group (n � 69), the average age
was 55 � 15 years, 60% were female, and 51% were
white. The median NIHSS on admission was 7. In
the NNCI group (n � 37), the average age was 61 �
15 years, 32% were female, and 60% were white.
The median NIHSS on admission was 7. There were
no significant differences between SM and NNCI

groups except there were higher rates of hypertension
and hyperlipidemia in the NNCI group and higher
rates of CAD in the SM group. In comparison with
the SM group, patients with AIS were older (65 �

15 years) and had higher admission NIHSS on ad-
mission (median 13) and higher rates of hyperlipid-
emia, atrial fibrillation, and coronary artery disease.
In comparison with the NNCI group, AIS patients
had higher admission NIHSS scores and higher rates
of hyperlipidemia and atrial fibrillation. There was a
higher percentage of patients with NIHSS 1–4 in the
SM group compared to the other groups. In fact,
when compared to AIS patients, SMs were 5 times
more likely to have an NIHSS of 1–4 (odds ratio
[OR] 5.1, 95% confidence interval [CI] 2.8–9.2,
p � 0.0001). None of the SM or NNCI patients
presented with pure sensory symptoms.

Etiologies of SM. Etiologies of SM are shown in the
figure. The most common etiologies in the SM
group were seizure (38%), complicated migraine
(37%), and conversion disorder (21%). Case vi-
gnettes for each of these conditions are provided in
appendix e-1 on the Neurology® Web site at www.
neurology.org. In those patients diagnosed with a sei-
zure, 2 patients presented with a history of motor
activity before IV tPA administration and the rest of
the patients had, during hospitalization, witnessed
motor activity consistent with a seizure, an EEG
showing epileptiform features explaining the present-
ing symptoms, or symptoms that resolved with IV
Ativan but not tPA. There were single cases of aseptic
meningitis, heatstroke, cardiac syncope due to ar-
rhythmia, and spinal epidural mass.

Etiologies of NNCI. The presumptive diagnosis was
either a TIA or partial/complete recanalization and
reperfusion after tPA. Based on the TOAST classifi-
cation, etiologies were cardioembolic (3.3%), large
artery (6.7%), small artery (8.3%), cryptogenic (30%),
and other (51.7%). The other category included NNCI
patients who had cocaine detected on a positive urinary
drug screening, leading to a presumptive clinical diag-
nosis of cocaine-associated vasospasm.

Safety outcomes. None of the patients with SM or
NNCI had a systemic hemorrhage, intracerebral
hemorrhage, or angioedema (table). One patient was
found to have an epidural cervical spinal mass after
tPA infusion was completed. The patient was taken
for surgical decompression of the mass, which was
found to be a tumor that had showed signs of hemor-
rhage. In comparison, patients with AIS had a 6%
incidence of sICH and 2% incidence of angioedema.

Functional outcomes. SM and NNCI patients had a
median NIHSS on discharge of 0 and the median

Table Clinical characteristics, safety, and functional outcomes of patients
with stroke mimics, NNCI, and acute ischemic stroke

Stroke mimics
(n � 69)

NNCI
(n � 37)

Acute ischemic
stroke
(n � 406)

Age, y, mean � SDa,c 55 � 15 61 � 15 65 � 15

Gender, male, %a,b,c 40 68 54

Race, white, %c 51 60 62

Admission NIHSS, median
(range)b,c

7 (1–21)
(IQR 4–11)

7 (1–28)
(IQR 5–12)
(IQR 5–12)

13 (1–40)
(IQR 8–19)

Admission NIHSS 1–4, % 36.9 21.6 10.4

Hyperlipidemia, % a,c 55 73 72

Hypertension, %a 29 43 25

Diabetes mellitus, % 0 0 26

Atrial fibrillation, %b,c 2 6 19

Coronary artery disease, %c 4 12 10

Alcohol abuse, % 13 15 0.7

Prior cocaine use, % 7 12 0.4

Current tobacco use, % 36 30 24

Time from last seen normal
to IV tPA, min, median
(range)

156 (30–180)
(IQR 126–180)

138 (47–180)
(IQR 106–156)

140 (10–180)
(IQR 114–161)

Symptomatic ICH, % 0 0 5.8

Angioedema, % 0 0 2.2

Discharge mRS, median
(range)b,c

0 (0–5)
(IQR 0–1)

0 (0–4)
(IQR 0–0)

4 (0–6)
(IQR 2–5)

Discharge mRS, %

mRS 0a,b,c 74 91 8

mRS 1a,b 13 0 13

mRS 2 2 3 11

mRS 3 4 3 16

mRS 4 5 3 25

mRS 5 2 0 17

mRS 6 0 0 10

Length of stay, d, median
(range)b,c

3 (2–10)
(IQR 2–5)

3 (2–10)
(IQR 2–5)

6 (1–50)
(IQR 4–9)

Disposition, %

Homeb,c 81 81 31

�npatient rehabilitation 8 6 26

Skilled nursing facility 6 8 19

Other 5 5 24

Abbreviations: IQR � interquartile range; mRS � modified Rankin score; NIHSS � NIH Stroke
Scale; NNCI � neuroimaging-negative cerebral ischemia; tPA � tissue plasminogen activator.
a,b,cIndicate significant differences in pairwise comparisons: ap � 0.05, difference between
stroke mimics and NNCI; bp � 0.05, difference between NNCI and acute ischemic stroke;
cp � 0.05, difference between stroke mimics and acute ischemic stroke.
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LOS was 3 days (table). The majority were function-
ally independent on discharge (mRS 0–1) and the
median discharge mRS was 0 in both groups. A total
of 81% were discharged home and the remaining
patients had baseline neurologic deficits or func-
tional weakness for which a neuroanatomic etiology
could not be found. They were transferred to other
services: inpatient rehabilitation, skilled nursing
facility, or an inpatient medical floor. In compari-
son, patients with AIS had a median 6-day LOS
and 21% were functionally independent on dis-
charge (mRS 0 –1).

Excluded patients. We also analyzed the 12 patients
excluded from this study and found an average age of
48 � 13 years, median admission NIHSS 9, no in-
stances of sICH, and median discharge mRS 0.
There were no significant differences in stroke sever-
ity or other baseline characteristics compared with
the SM or NNCI group.

DISCUSSION It is of paramount importance to
study the safety of IV tPA in patients with suspected
acute cerebral ischemia who are ultimately found on
hospital workup not to have a stroke. Within 3 hours
after the onset of symptoms, it may be difficult to
determine whether acute neurologic signs are due to
stroke or to another cause. ED physicians are uncom-
fortable differentiating a hemiplegic migraine, for ex-
ample, from stroke.4 The concern is that exposing
patients who do not have ischemic stroke to an added
risk of hemorrhage with tPA is inappropriate.4

Over a 4-year period, we discovered that 21% of
our patients who had presented to our ED with
symptoms suggestive of acute cerebral ischemia and
had received Food and Drug Administration–
approved IV tPA did not have a confirmed infarct on
subsequent DWI. Among all treated patients, the in-
cidence of SM was 14% and NNCI was 7%. Our
stroke center has a wide referral base and a high vol-

ume of hyperacute patients with neurologic prob-
lems requiring emergency stroke workup to consider
administration of standard of care IV tPA. The inci-
dence of SM in our patient population is higher than
other reported studies, which might reflect a greater
number of patients referred and evaluated for throm-
bolysis, and possibly a lower threshold to treat with
IV tPA at our center. Our treatment approach is to
consider any patient for thrombolysis with a measur-
able deficit that is disabling such as a mild hemipare-
sis. In addition, we used serial monitoring of patients
with imaging as part of the definition of SM and
NNCI groups. All SM and NNCI patients had
follow-up posttreatment neuroimaging. Previous
studies did not consistently use posttreatment imag-
ing as a selection criterion for SM.5,6,8 Our method to
define SM may be a limiting factor to determine the
actual SM rate among hospitals without primary
stroke centers.

To our knowledge, this is the largest reported se-
ries of patients with SM treated with tPA. In contrast
to patients with AIS, they were younger, were more
often women, and had significantly lower admission
NIHSS scores. SM patients had a more favorable
functional status and disposition at discharge com-
pared with AIS patients. Other studies with a smaller
sample number have not found demographic differ-
ences between AIS and SM patients.5 SM patients
were diagnosed with a variety of territorial syn-
dromes: right and left MCA, posterior circulation,
and subcortical presentations. A prior study of 7
treated SM patients found mainly left MCA symp-
toms. Consistent with prior studies,5,6,8 the main SM
etiologies were seizures, migraine, and conversion
disorder. However, we also treated patients with
tPA who were subsequently diagnosed with aseptic
meningitis, a cervical epidural mass, and cardiac
syncope.

Neuroimaging before and after treatment in the
absence of an alternative diagnosis other than acute
cerebral ischemia allowed us to distinguish an NNCI
group from the SM group. Rapid, sometimes dra-
matic recovery from stroke-like syndromes within 24
hours after IV thrombolysis has previously been re-
ported.6,9 As per the WHO criteria, acute focal defi-
cits resolving after treatment might be described as
TIAs. Such patients may have recanalized rapidly af-
ter tPA before imaging could show damage. These
patients have also been described as having an
averted stroke.10 Our findings are in agreement with
a recent study showing that tPA was safe to adminis-
ter in 23 patients with suspected cerebral ischemia
who were found not to have an infarct and were di-
agnosed with TIA.10 Alternatively, small strokes may
not be detected on neuroimaging, including DWI.

Figure Etiologies of stroke mimics
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False negative DWI studies have been described in
acute ischemic stroke within the first 24 hours of symp-
tom onset in which follow-up studies confirmed the
“missing” infarct.11 However, in our dataset, all patients
had imaging not only before treatment but at least 24
hours after treatment. Given the absence of an infarct
and that no diagnosis other than averted stroke could be
found, we believed this condition merited its own cate-
gory separate from SM. Pretreatment vascular studies
and perfusion imaging would have been helpful to bet-
ter define if NNCI patients had evidence for ischemia
or evidence for recanalization after thrombolysis. It is
also possible that some patients in this group had a
nonischemic etiology that was not found during
hospitalization.

Despite finding that we gave IV tPA to 14% of
patients with suspected acute cerebral ischemia who
were ultimately diagnosed with an SM, we found no
instances of symptomatic or systemic hemorrhage
despite a range of nonstroke diagnoses. It may not be
surprising to have found no instances of sICH in
these patients since they did not have a stroke. Pa-
tients treated with IV tPA for acute myocardial in-
farction have less than 1% incidence of intracerebral
hemorrhage, and the tPA dose for stroke is lower.12

The patient who presented with a cervical epidural
mass and acute focal deficits required surgery, during
which it was found that the mass had bled after tPA.
However, we believe the patient’s symptoms did not
worsen because of the hemorrhage. Most patients
with SM and NNCI had shorter hospital stays, sig-
nificant improvement on the NIHSS score, and ex-
cellent functional outcomes.

This study has important limitations including its
retrospective design and single center experience
from a comprehensive stroke center. Therefore, ex-
trapolating the results to community hospitals with
lower volumes of stroke patients must be done with
caution. The small sample size may possibly intro-
duce sample and selection bias. In the National Insti-
tute of Neurological Disorders and Stroke trial,7 the
rate of ICH in the treated group was 6.41% (95% CI
3.69%–9.13%). Thus, the margin of error with a
95% CI was 2.72%. The sample size needed to ob-
tain this rate is 312. Thus, while our sample of 405
AIS patients is adequate to observe the same rate of
ICH as in the National Institute of Neurological
Disorders and Stroke trial with at least 95% confi-
dence, the sample size in our study of SM and NNCI
patients was not powered to detect such a difference.
Thus, this retrospective study is vulnerable to type II
error. Certain patients were excluded from our anal-
ysis if they were unable to undergo MRI secondary to
large body size or presence of implants. While our
study suggests that the safety risk is low in patients

who later turn out to have an SM, our data should
not be used to excuse a less than thorough evaluation.
All patients enrolled in this study and treated with
tPA met published Food and Drug Administration
and American Heart Association guidelines for treat-
ment, and we do not advocate that these criteria
should be shortcut. However, even if these criteria
are followed, the diagnosis of stroke will remain
based on clinical judgment. Our data would support
that if the clinician thinks that the patient may be
experiencing a stroke, and the patient meets accepted
guidelines, the patient should be treated.

Overall, our data together with others5,6,10 sup-
port administering IV tPA to patients presenting in
the 3-hour window with suspected AIS, even when
alternate etiologies are being considered. Taken col-
lectively, the preponderance of data from this study
and the literature suggests that delaying IV tPA ad-
ministration in the ED in order to obtain further
investigations beyond cranial CT in the form of im-
aging or EEG may not be warranted, even if the di-
agnosis ultimately is not AIS. However, some centers
are able to rapidly obtain additional testing such as
CT angiography with CT or even an MRI in the ED
setting. Because the risk of emergently treating SMs
such as migraine are low, and there is loss of potential
benefit in withholding treatment if the patient is in-
deed having a stroke, we favor IV tPA treatment if
the patient meets Food and Drug Administration
and American Heart Association criteria for throm-
bolysis. Subsequent studies after tPA initiation can
be performed to better clarify the etiology in cases
where the diagnosis is uncertain. Further prospective
investigations are needed to establish the safety of
thrombolysis in SM and NNCI.
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New Guideline Addresses Issue of Driving with
Dementia

A new evidence-based clinical guideline published by the American Academy of Neurology in the
April 20, 2010, edition of the journal Neurology® urges people with dementia who drive to proceed
with caution and prepare to give up their keys eventually. Accepting the driving risks associated with
dementia requires careful thought by all involved. In time, however, nearly all people with dementia
will have to give up driving. It is important for doctors to discuss this with patients and caregivers
soon after diagnosis. Physicians should consider multiple information sources to evaluate driving
safety (e.g., cognitive tests, on-road driving tests). It is important that the decision to stop driving be
directed by a doctor trained and experienced in working with people with dementia and their
families. Visit www.aan.com/go/practice/guidelines for more information.
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